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ABSTRACT . ¢ . -
L .. Engineering mechanics is recognized as one of the

. core subject fiatter areas qfﬁmost engineering and technology
educational programs. The study of mechanics arnd particularly the
applications of problem solving to rigid bodies at rest (statics) has
proven to be troublesome to students. Systesfatic problem solving
includes analysis, synthesis, and calculations. There is evidence to
indicate that students gain broader insights into analysis and
synthesis when freed from detailed computational method. The
computerized model relieves the students of the mechanics of
calculation and checks the students'! analysis and synthesis of a
broad range of statics problems on an individualized basis. The

. function and structure of the model is discussed. Two populations of
students were used .in testing the model. One group consisted of eight

___sophomore engineering.students, who had completed a computer
programeing course. The second group consisted of 27 freshman
technology students who had not completéd a computer programming
course. The overall attitudes of both groups were positive toward the
model on the pretest. Engineering students became more positive on

¥ the posttest. Technology students became significantly negative onm
.+ the posttest. It was suggested that technology students probably )

. vould have gained more from the model if they also had had to turn in

, problems, {(LS) : L A
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THE PROBLEM

Systematic problem-solv1ng is frequently encountered .
- V. L)

‘by technical students and includes qnalysis. synthesis.

and calculations as shown in Table 1, Although this def-

-

. inition is appropriate for problem-solving courses in
PR At

general, it is garticularly,appropriate for engineering
mechanics which,is recognized as one of the coré«subject‘

matter areas of most engineering and technolog& educational -
programs, The study.of.mechanics and particularly the
application‘of problem-solving to rigid bodies at.rest

(statics) has proven to, be extremely troublesome to students. =

The principal reason is the free-body diagram. . L

TABLE 1

| _PROBLEM-SOLVING.
.ANALYSIS The separation of a .
~ substantial whole into REASONING
o constituents Tor N PROCESS,
-individual study. : ’
' : or. 1
g SYNPHESIS The combining of the - SETTING-UP ..
- separate elements to +  THE PROBLEM
, form a coherent whole. |, ’
-+ - - =~ "CALCULATIONS |- Slide rule ' VERY RQPETITIVE
‘ { - Hand calculator AND MANY TIMES
' Computer- |~ VERY TIME-
S ‘ L | _ __CONSUMING

According to Pigure 1, there is onLy one way to arrive
at a correct solution to a problem but there‘are approx-
”3'3 "' imately twenty ways to arrive at an incorrect solution. ) - L
fh_ t Lf a student arrives at dn incorrect 'solution, how does |
,ﬁiﬁ | he know where to start checking for his error°
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There is evidence to indicate that students-.gain

-

detailed computational methods.. Therefore, the computerize¢.’

1
]
1
]I
broader insights into analysis and synthesis when freed from *’ : i
model was developed to relieve the students of the mechanics j
" bf calculation and to check the student’'s analysis and
Bynthesis of a broad range of statics ‘problems on an

individualized basis.-

-

ASSUMPTIONS MADE WHEN DEVELOPING THE MODEL

1, Most students ;re more interested in cranking out an
answer than in devetop%né,their ability to reason
properly,

2. The analysié and synthesis are the most important

parts of problem-solving.

A ™

3., Many of the errors in problem-solving occur during&“'A

the analysis of the problem.

4, Given enough time, most students can make accurate

~

calgulations,

PRINCIPAL REASONS FOR DEVELQPING THE MODEL

1, Help students b9c0me‘horé systematic and efficient

*

in their reasoning.’
2. Force the student to check the analysis. and synthesis

when an answer is, incorrect rather than check the

calculations,
A .

Gy




THE MODEL

wWwhy use the computer?

" The computer should be used to perfd@m tasks which
\ .
cannot be accomplished as quickly, accurately, efficiently,

and thoroughly by any -other means. X

Function of the model O

The model checks the student's analysis and synthesis .

of a wide variety of statics problems with individualized
feedback. Faculty input is minimal, and the'output is a

hard copy'in a neat and systematic fcrm.'

The model is transportable D

1, Written in Basic Portran(IV,

if a means is available
P

3

-2, Requires only 16K of co
to overlay subroutines.

3. An& standard statics textbook may be used,

4, Can be used with or without vector algebra.’ -

5. Can be used by students with no)previcus experience
with a keypunch or computer.

6. Preé choice of location of axes in most problems.

Structure of the model

The.model consists of a deck of cards given to the .
students plus a series of subroutines on the disk.
The deck of cards includes all control cards needed;
_all necessary common, dimension, equlvalence. read, and

format statements for the main program; and all data cards

required for the read statements.

,\
s
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The students are also given all of the required

call stateménts for the subroutines and the read and format

cards for reading the chapter and problem numbers., A

" P

user's manual is also given to each student.

'szes gfgprbblems which can be used

1.
2,

3.

L4,

s,

Debugging the model

Problems which require only one free-body diagram,

iwo— and three-dimensional problews.

Problems which do not have friction at iﬁbending mo@}bn.
Problems which have only férces and/or moments as

unknowns,

Problems which have a maximum of six known forces

e

plus known moments.

1.
2'0

The moae} is easy to debug.
Each time a sﬁbroutine is called, the name is printgd.
Each time data is read, it is immediately written out
for checking,

At the conclusion of each subv6ﬁ;ine whiéﬁ}perfgrms
calculations, the results of the calculation; are
written out,

If a prbblem is prématurely terminated, the student
can checkathe'prihtout to see just whgre the error

occurred,

Individualized feedback

problems and the answers.,

When using the model, the students are given the

he individualized feedback is

given-in the form of diagndstice. It was not the intent

7
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of the design of the model to tell a student exaotly

- ¢ .)‘ o3 '
where an error occurred, but to give enough information
so the student would know what to check in~the analysis

.

.and synthesis.

Initial data capture

It was 1mperat1ve that the data be tabulated in as

simple and systematlc form as pOSSlble. Table 2 is a
summary of all the data, and Table 3 is the sheet given to

“the student for tabulation of the data.

[TV

Card for the keypunch drum

Eécn student was given a card for the keypunch drum
which tabulated to the desired column by striking the
skip key. Punching of data cards was thus greatly

simplified.

The model_checks the following:

1. Number of active forces.
2. Number of active moments,

+ 3. fNquer"of reactiv? forces.
L, Number of reactive moments,
5. Equations of equilibrium used. '
6. If the‘information for distributed ioaos'ie incorrect.
7. If the system was in“equilibrium with no reactive

forces and ‘moments. » —

8. Linearly dependent equations.
9. Zero matrix.

10, More equations than unknowns.

\)“ . ' k4 8 , "
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TABLE 2 - & §
. 1

SUMMARY OF: DATA ;

FORCES: CONCENTRATED

NAME No F1 F2 F3 F4 - F5 (F6 F7 {7

1l {Fl 1l m n X v z

. " 2||FL P %y Yy |2 | %2 | Yo z,

-
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.DLOAD: ' , . R
NAMENO A .. B C Pp- E_ G R __RL _R2

FOR DLOAD ONLY:
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TABULATION'OF DATA

A NAME NO Fl F2 F3 F4 - FS Fé6 . F7

A |. B C D E G141 R Rl R2

e 2

5

1 45 89 1617 2425 3233 4041 4849 5657 6465 727380

sﬁ[
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11. More unknowns.than equations., (Gives some variables ;
in terms of free variables,) - j

- 12, Equations of the form 35.2=0,

13. If the number of known forces and ‘moments is greater

than six.

~

If the problem was:solved with no-error-messages but |

the answer was incorrect, the student had to check how he

entered data for forces and moments., (Back to the analysis,)

Faculty input , .
~ Paculty members are required to enter the following

seven pieces of informafion for each problem assigned{

chapter number, problem number, number of active forces,

v . ) c :
number of active moments, number of reactive forces,
. -~

number of reactive moments, and the type of force system,

Table 4 shows the instructions for faculty members., ° .

How to use the model .. \\
A person using the model is required to rea&\: problem,

draw a free-body djagram showing all external forces and

moments acting on the body; name all forces and mem Qts.o
show a rectangular éoordinate system on the free-body \:ﬁgx
diagra@ which dekignates the location of the origin and %he
direction of the axes, give a point for each force which
‘;}he force passes throughy takeithe data from the free-body
diagram necessary*té‘arfive at a solution to the problem,
. ~N

and finally tabulate .the data in suitable form to be punched -

on computef‘cards. Whéhw¢he data cards are punched, the

main program and the data deck are entered in the deck

&
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TABLE 4

A"

FOR FACULTY MEMBERS ONLY

r

HOW TO ENTER ANSWERS: v
5 “f

Answers are stored in Array KM(5,7) for five

problems as follows: -

3

<

ARRAY KM(5,7)

[

& ?\:5“; >
—————————|Chapter* Problem | F, M, | Fg M. Type
Number | Number | ———} - _} System
’ S

t -

F =Number of active forces

. Mz=Number of active moments .

Fy=Number of reactive forces

S

@r=Numberrpf réactive moments ’
iype°$ystéﬁ: “ N
1. Coplanar-concurrent
2. Concurrent-three-dimensional N
3.t Coplanar |
4. ngallel-three-dimensional - )
- ééplanarfparallel 3 .
d 6. Three~-dimensional- ‘ A

T SR

’ These answers are eytered in subrdutineg FILKME,
FILKMC, and FILKMM. Each time a new set of five problems

is used, 35 computer cards must be punched, and the

subroutine put back on the disk. \ay

r — . ~
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given the student for gsubmission to -the computer center.f

-

Examples are shown at the end of the vpaper.

‘Computers used with the model

\‘_\ »

The model has been tested on an IBN‘360‘22‘compufer,

e e e e S

a CDC 6500 computer. and a CDC 6600 computer.

Testingjoffthe model

Two populations of studengs were used in testing the
<

model., One consisted of eight sophomore engineering .

N

*

students, enrolled in an engineerlng statics class, who
had completed a computer course in Fortran IV programming.
The second consisted of twenty-seven'fresgmen technology C
‘ students, enrolled in a technology statics class, who had
not completed a course in Fortran IV prdgramming.
Students’ attitudes toward the model were measured by
administering a pre-test and a post-test to both populations,
.The overall attitudes’ of both engineerlng and technology
students were positive toward the model on the pre -test.
Engineering students became more posltlve on the post~ test
' but the change was not signlflcant. Technology students
became negatlve toward"the model on the post—test and the

change was: slgnlflcant. blgnlflcant dlfferences were meaSured

at the' .05 level of sxgnlflcance.

On the post -test, engineerlng and technology students

¢

agreed that: 11ttle keypunchlng was requlred; no previous

experience wlth a keypunch was necessary to effectlvely use

. the model, previous experlence with a computer was necessary

o, , . - N
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or ai léast desirable, and the model did not interfere with'

<

the learning of statics, . : .
~ The engineering students experienced little difficulty:

__using the mdaéi, considered the diagnostics to be valuable,
found the progfam easy to debug, considered the model a good
teaching tool, considered the model a valuable asset to

ot

+ learning, and considered the modél an effective means of
helping them to bécoée more.systematic in problem-solving.
The -technology students did not agree with the
engineering students on any of these items,
When the experiment en@ed, both faculty members who
tauéht the technology'class emphasized that.they were
.certain their students would have géined much ﬁore from

the model if they had been required to turn in all problems

assigned as was required of the engineering studenfs.

-~




) In Fig. 5.100 is shown a block of
material weighing 200 1b. It is supported by
members KC and /1B, whase weighl we negleet,

. o .
T I T T s L 27

a socket joint support at A, and a smooth frie- ’ . .
tionless support at £. Mermbers KC and }/Bhave . ’ o,
directions collinear with diagonals of the block . 1
as shown. What are the oupporung forces for ) - N
_.shis block? — SRR 1 ST
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TABUI:ATION OF DATA
'NAME NO F1 F2 F3 F4 FS5 F6 _F7 - ' ’
A|lB|lc|Dp|E|G| R|{R |R | - >
w 6 ’ -2oa {57 . |en .
F1 ¢ . Soo: ~f/0. 1Z..
£z 6 | se0. ro T VS
' 7
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Calculate the reactive forces at A and B,

*

3
J2.5za (s
k o= '@ﬁ‘j:;s‘-
4 'S
- TABU:_L,.A;I')'CON‘ OF DATA
NAME NO F1 F2 F3 . F4 F5 -F6 F7 ’
R A B C.| D | E G R | Rl | R2
’ FL .h 6l . . ~Jpo. ‘ 1. b
o1 1.5 - L _ 1 L. L., 6-“‘,
. PL |73 T |~ % 1 N
Ay 2 1. : - 5 '_:-;
- gx c ’ _'1.’-
‘ Br:' ¢ ,.-; lf }
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“ , Caicul‘até the reactive force and moment at point A for a value
; of F=300 1lb, . o
N ’ . } /IJ,
‘ F s . ! ’ ’ F-:3OO o

-

. C
I?’?' [V I =]
““2__'_ — o . o FA (20. 5‘95; Mcco::
AT - A -
. 15./" . (0,0,0) FY F2 {0 a1
10 - . ‘
my . T ME
W . ”
* . &
15 15(. 707){,
so.685 -
: - 45° -
H i ro. o3
; 3
i
H
| .
i

" TABULATION OF DATA -

NAME NO Fl. F2 F3 F4 F5 F6 F7 . L e
; ' A|lB|c{Dp|E|6| rR|R]|R .
‘ F 3j300. s |5 Jo, \ 20,605 1o, (037 '
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